Time-resolved microfluorometric study of the binding sites of lipophilic cationic pyrene probes in mitochondria of living HeLa cells.
Lipophilic dye cations specifically bind to the mitochondria of living cells. Using fluorescent dyes, the mitochondria can easily be observed with a fluorescence microscope. Electron microscopy has shown that the dyes are bound to the inner mitochondrial membranes and the cristae. Using time-resolved fluorescence microscopy we have investigated, whether the dye molecules are preferentially accumulated at the strongly hydrophobic protein complexes of energy metabolism or at the lipids of the inner membrane system. In order to use our nanosecond-pulsed laser fluorometer we synthesized specially designed lipophilic pyrene cations with S1 lifetimes in the nanosecond domain, which specifically stain mitochondria in living HeLa cells. Model experiments with artificial membranes such as liposomes, proteoliposomes and also protein complexes have shown that the fluorescence is strongly quenched by oxygen if the pyrene probes are bound to lipids. Binding to proteins causes a much smaller quenching effect. In artificial systems, all decays were single exponential. This is in contrast with incubated HeLa cells, which showed double-exponential fluorescence decays. Comparing these with the artificial systems we came to the conclusion that in HeLa cells the long-lived species 1 are pyrene probes preferentially bound to the proteins of the inner mitochondrial membranes. The short-lived species 2 is caused by fluorescence resonance energy transfer from the pyrene probes as donors to cytochromes of the inner membranes as acceptors. From our decay data we estimated a mean distance between donor and acceptor of about 40 A. This is the same order of magnitude as the mean diameters of several mitochondrial protein complexes. Therefore we assumed that species 2 are pyrene probes bound either to mitochondrial proteins with cytochromes as constituents or to the interface between these proteins and the phospholipids of the membranes. Thus both species 1 and species 2 are spatially related to mitochrondrial proteins. This agrees with the observation that respiration of HeLa cells as well as cytochrome c oxidase vesicles (COVs) are inhibited with increasing concentration of pyrene probes. Finally, we studied the photodynamic effect on irradiation of HeLa cells and of COVs after incubation with lipophilic pyrene and porphyrine cations.